In the present work, we use the homotopy perturbation method (HPM) to solve the NewellWhitehead-Segel non-linear differential equations. Four case study problems of Newell-WhiteheadSegel are solved by the HPM and the exact solutions are obtained. The trend of the rapid convergence of the sequences constructed by the method toward the exact solution is shown numerically. As a result the rapid convergence towards the exact solutions of HPM indicates that, using the HPM to solve the Newell-Whitehead-Segel non-linear differential equations, a reasonable less amount of computational work with acceptable accuracy may be sufficient. Moreover the application of the HPM proves that the method is an effective and simple tool for solving the Newell-Whitehead-Segel non-linear differential equations.
INTRODUCTION
Recently lots of attentions are devoted toward the semi-analytical solution of real-life mathematical modeling that is inherently nonlinear differential equations. Most of the nonlinear differential equations do not have an analytical solution. The idea of the homotopy perturbation method was first pioneered by (He, 1999) Later the homotopy perturbation method (HPM) which is a semi-analytical method is applied to solve the nonlinear non-homogeneous partial differential equations Yildirim, 2009; He, 1999; He, 1999; He, 2000; Koçak et al., 2011; Gepreel, 2011; Cao and Bo. Han, 2011; Wazwaz, 2009 ). Ezzati and Shakibi (Ezzati, 2011) solved the Newell-Whitehead equation using the Adomian decomposition and multi-quadric quasi-interpolation methods. They concluded that the Adomian decomposition and multi-quadric quasi-interpolation methods are reasonable methods to solve the Newell-Whitehead equation with acceptable accuracy.
In the present work, the homotopy perturbation method (HPM) is applied to obtain the closed form solution of the non-linear Newell-Whitehead-Segel equation. Four case study problems of non-linear NewellWhitehead-Segel equations are solved using the HPM. The trend of the rapid convergence towards the exact solution is shown when compared to the exact solution. The Newell-Whitehead-Segel equation models the interaction of the effect of the diffusion term with the nonlinear effect of the reaction term. The NewellWhitehead-Segel equation is written as:
Where and are real numbers with and is a positive integer. In Eq.
(1) the first term on the left hand side, , expresses the variations of with time at a fixed location, the first term on the right hand side, , expresses the variations of with spatial variable x at a specific time and the remaining terms on the right hand side, , takes into account the effect of the source term. In Eq.
(1) is a function of the spatial variable x and the temporal variable with and The function may be thought of as the (nonlinear) distribution of temperature in an infinitely thin and long rod or as the flow velocity of a fluid in an infinitely long pipe with small diameter. The Newell-Whitehead-Segel equations have wide applicability in mechanical and chemical engineering, ecology, biology and bio-engineering.
The Idea Of Homotopy Perturbation Method:
The homotopy perturbation method (HPM) is originally initiated by (He, 1999; Yildirim, 2009; He, 1999; He, 1999; He, 2000; Koçak et al., 2011) . This is a combination of the classical perturbation technique and homotopy techinique. The basic idea of the HPM for solving nonlinear differential equations is as follow; consider the following differential equation:
(2) Where is any differential operator. We construct a homotopy as follow: (He, 1999) . In the homotopy perturbation method the embedding parameter p is used to get series expansion for solution as:
When p 1, then Eq. (3) becomes the approximate solution to Eq. (2) as: (5) The series Eq. (5) is a convergent series and the rate of convergence depends on the nature of Eq. (2) (He, 1999; Yildirim, 2009; He, 1999; He, 1999; He, 2000; Koçak et al., 2011) . It is also assumed that Eq. (3) has a unique solution and by comparing the like powers of p the solution of various orders is obtained. These solutions are obtained using the Maple package.
The Newell-Whitehead-Segel Equation:
To illustrate the capability and reliability of the method, four cases of nonlinear diffusion equations are presented.
Case І:
In Eq.
(1) for and the Newell-Whitehead-Segel equation is written as:
Subject to a constant initial condition
We construct a homotopy for Eq. (6) in the following form:
The solution of Eq. (6) can be written as a power series in as:
Substituting Eq. (9) and Eq. (7) into Eq. (8) and equating the terms with identical powers of :
Using the Maple package to solve recursive sequences, Eq. (10), we obtain the followings:
By setting in Eq. 9 the solution of Eq. 6 can be obtained as Therefore the solution of Eq. (6) is written as:
( 1 2 ) The Taylor series expansion for is written as:
By substituting Eq. (13) Table 3 shows the trend of rapid convergence of the results of to using the HPM solution toward the exact solution. The maximum relative error of less than 0.007% is achieved in comparison to the exact solution as shown in table 3. We can conclude that the HPM is one the most suitable and friendly method in solving the Newell-Whitehead-Segel equation. Table 3 shows: the percentage of relative errors of the results of to of the HPM solution of Eq. (24).
Case ІV:
In this case we will examine the Newell-Whitehead-Segel equation for , Subject to initial condition
We construct a homotopy for Eq. (33) in the following form:
The solution of Eq. (33) can be written as a power series in as:
Substituting Eq. (36) and Eq. (34) into Eq. (35) and equating the terms with identical powers of p: 
Conclusion:
In the present work the exact solution of the Newell-Whitehead-Segel nonlinear diffusion equation is obtained using the HPM. The validity and effectiveness of the HPM is shown by solving four non-homogenous non-linear differential equations and the very rapid convergence to the exact solutions is demonstrated numerically. The trend of rapid and monotonic convergence of the solution toward the exact solution is clearly shown by obtaining the relative error in compared to the exact solution. The rapid convergence towards the exact solutions of HPM indicates that, using the HPM to solve the non-linear differential equations, a reasonable less amount of computational work with acceptable accuracy may be sufficient. Moreover it can be concluded that the HPM is a very powerful and efficient technique which can construct the exact solution of nonlinear differential equations. 
